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Abstract 
This study examines the use of acoustic emission (AE) as a means for non-intrusive 
monitoring of cementitious material. AE sensors enable a continuous measurement of the kinetics of 
the fresh material. The monitoring was accompanied by simultaneous measurement of ultrasound as 
as well as capillary pressure. 
Experiments with compacted and non-compacted cement paste were performed to 
characterize the ongoing process at an early age. It was observed that immediately after moulding, 
considerable activity of AE is recorded. Compacted samples registered higher AE than non-
compacted samples. Furthermore, capillary pressure indicated a significant increase at an early age. 
However, a delay in capillary pressure behavior was noticeable for compacted samples. The objective 
of the study is to combine different techniques in order to explain and possibly quantify the sources 
of AE in fresh cement paste which include bleeding, bubble and water migration, settlement of cement 
particles as well as early age cracking.  
Introduction 
Hardened concrete performance should have the designed strength to withstand the applied 
load and be durable enough to maintain satisfactory performance over extended service life. 
Properties of hardened concrete depend on the fresh concrete and this is affected by the mix 
proportion, water-cement ratio, mixing, compacting, placing and curing processes. Strength and 
durability of concrete are also affected by the compaction process. Air voids of concrete are decreased 
by compaction, which has a great influence on strength development. A proper compaction of fresh 
concrete increases the strength, decreases the porosity and thus decreases the permeability of 
concrete.  Furthermore, the structure of hydrated cement paste depends on the compaction process.   
Different studies on the effect of compaction were developed by different researchers. 
Tarefder et al. [1] evaluated the effect of compaction method on air voids structure of asphalt concrete 
and evaluated the difference of pore structure of field collected cores from laboratory compacted 
samples as well as determined the effect of compaction on permeability, tensile strength and moisture 
damage of asphalt concrete. Pieralisi et al. [2] estimated the forces applied during the compaction by 
simulating the geometrical disposal of a granular media and developed a lattice model for the 
compaction of pervious concrete in the fresh state. Lecomte et al. [3] estimated a compaction index 
K characteristic of normal consistency pastes and measured the virtual packing densities of cement 
and mineral admixtures. 
Most of the studies mainly focused on the hardened concrete properties. However, 
immediately after placing, when the concrete is in the plastic state the influence of proper compaction 
on fresh cement paste is unidentified to this point. It is essential to study the impact of compaction on 
 fresh cement paste while the paste is in the plastic state. Understanding these properties of concrete 
is very important to improve hardened concrete performance.  
This study provides a methodology, which allows monitoring the fresh cement paste at very 
early state. The results of this study confirm that AE is able to record a great number of processes 
activated in fresh cementitious media before the paste hardens. AE emits stress waves due to the 
processes occurring at different stages in fresh cement-based materials [4]. This non-destructive 
evaluation (NDE) technique allows an insight into the mechanism of fresh cementitious material. 
Acoustic emission has been applied to estimate the consistency of fresh concrete during mixing [5]. 
Passive monitoring by acoustic emission has been used to evaluate the degree of compaction [5] and 
to monitor micro-cracking due to drying shrinkage [4] and [6].  
Ultrasonic test (UT) has been also applied to monitor the very early age hydration process [7].  
This technique is based on stress wave propagation, and specifically on the speed and 
attenuation of stress waves. Besides the elastic wave techniques, monitoring the fresh cement-based 
material has been assisted by capillary pressure measurement. Plastic cracking is caused by capillary 
shrinkage in the pore system [8]. A pressure sensor has been placed in the cement paste to monitor 
the capillary pressure build up. Applying the AE, UT as well as capillary pressure measurement 
provides significant insights into fresh cementitious materials.  
Acoustic Emission Technique 
In this section, a brief overview of AE will be presented. Acoustic emission is the transient of 
elastic waves that propagate in a medium by a rapid release of energy [9]. The sensors of acoustic 
emission are able to detect the elastic waves, which propagate in the structure as a stress wave. These 
piezoelastic transducers are placed on the surface of the metallic mold and are able to transform the 
mechanical pulse into an electric waveform. Fig.1 presents a typical AE waveform with its parameters 
[10]. Following the main parameters of AE is described. The Amplitude defines the highest peak of 
the signal. The rise time (RT) states the delay between the first time the threshold is crossed and the 
highest peak. The duration (DUR) expresses the time distance between the first and last threshold 
crossing. The ratio of the rise time over the amplitude defines the RA value and is the inverse of the 
rising angle [10]. Average Frequency (AF) is the division of the number of threshold crossing 
(COUNTS) with the duration.   
 
 
Fig. 1 Acoustic emission parameters 
Experimental Program 
The experimental setup consists of AE monitoring, ultrasonic test, and capillary pressure 
measurement. Two AE sensors of type R15 with a resonance frequency of 150 kHz were installed on 
each mold to measure the AE activities. Viscous Vaseline agent was applied to the sensors in order 
to improve the coupling between the metallic mold and the AE sensors. The selected threshold is 35 
dB for AE signals while the signals are amplified with a preamplifier by 40 dB. During the test 
magnetic clamping were used in order to hold the sensors on the side of the metallic mold. Fig. 2 
shows the experimental setup with two AE sensors on the side of the mold. The metallic mold is 
 horizontally arranged with a dimension of 40x40x160mm3. The positioning of both sensors on both 
sides of the mold is presented in Fig. 2.   
 
 
Fig. 1 Acoustic emission monitoring with two sensors 
During the experiment ultrasonic test was also applied on cement paste to define the setting 
time, see Fig. 2. The ultrasonic test provides information on the pulse velocity as well as the hardening 
process of the specimen. The setup consists of a wave generator Wave Gen 1410, preamplifier 1220A 
and two transducers R15 with a frequency resonance of 150 kHz [11]. The sensors are placed on both 
sides of the plexiglass plates with a distance between the plates of 10.6 mm. The form of the specimen 
is a U-shaped rubber plate. The wave generator drives a burst of 10 cycles of the central frequency of 
150 kHz to the pulser [11]. 
 
 
Fig. 2 Ultrasonic test setup 
The capillary pressure monitoring is performed in a plastic mold by a 15 cm long brass tube, 
which has an inside diameter of 4 mm and is coupled to the pressure transducer, see Fig. 4. The brass 
tube is filled with de-ionized and outgassed water, which is attached in the specimen. The capillary 
pressure sensor is set vertically at a distance of 30 mm from the specimen surface, see Fig. 4.  
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Materials 
Specimens of cement paste are performed with ordinary Portland cement (cement CEM I 
52.5N and water). The cement paste was prepared in a mortar mixer with 4.73 l capacity. Cement 
and water were added into the wet mixer and mixed for 3 min at moderate speed. Afterwards, the 
material was cast into the form in a single layer and the compacted specimens were compacted on 
the vibration table at high speed for 10 seconds. The water to binder ratio is 0.4. There were 4 tests 
prepared for compacted and uncompacted cement paste. The cement CEM I 52.5 N is a Portland 
cement with a Blaine specific surface area of 433 m2/kg, a density of 3090 kg/m³ and a chemical 
composition given in Table 1. 
   
         Table 1, chemical composition of  
    CEM I 52.5N 
composition [%] 
CaO 63.9 
SiO2 20 
Al2O3 5.1 
Fe2O3 3.4 
MgO 0.8 
Na2O 0.34 
K2O 0.75 
SO3 3.1 
CI- 0.05 
Loss on ignition 1.9 
Insoluble 
residue 
0.5 
 
Results and Discussions  
 
The preliminary results of compacted cement paste are presented comparing to the reference 
paste without compaction. Fig. 4 demonstrates the cumulative AE hits of four sensors and the 
capillary pressure development versus time. In a horizontally arranged metallic mold, AE activity is 
recorded by two sensors on the opposite sides of the mold, see Fig. 1. In the first hours after casting, 
cement paste emits elastic waves and shows significant number of AE events. It is noticeable, that all 
curves of AE hits present significant increase at the beginning of the test while capillary pressure 
remains constant and shows no increase with nearly 0 kPa. These AE events may be contributed by 
the settlement, formation and dissolution of hydrates as well as water and bubble migration.   
Pressure 
transducer 
  
Fig. 3 Pressure transducer for 
capillary pressure monitoring 
 Within the first 195 min after casting, the first sensor of not compacted sample exhibits an 
increase to 326 AE hits while the second sensor exhibit an increase to 362 AE hits after 230 min, see 
Fig. 4. On the other hand, the first sensor of compacted sample shows a growth of 417 AE hits at 240 
min whereas the second sensor shows 435 AE hits at the same time. All curves of AE hits exhibit 
very similar trend and are in agreement throughout the entire test. However, the main population of 
AE events occurs at the beginning of the test before the paste starts to harden. Furthermore, the results 
of compacted specimen presents a higher rate of AE activities than the reference sample without 
compaction during the first 240 min. Although it would be premature to make firm conclusions, the 
difference of the AE hits by the compaction may possibly be attributed to the modified internal 
structure of the cement paste and the fact that the compaction process modifies the orientation of 
particles from each other. The voids between the solid particles are filled by compaction. As a result, 
the porosity of cement paste is reduced, which leads to a higher strength. Moreover, compaction 
process influences the settlement of the cement paste leading to a denser paste, which presents higher 
AE activities. Furthermore, the effect of temperature  due to heat of hydration  possibly results thermal 
stresses and (micro)cracking and this could have contributed significantly to the number of events.       
The capillary pressure of the non compacted specimen started to increase slowly and gradually 
from 70 min to 170 min.  Afterward, the curve rose sharply and reached a peak of -17 kPa at 336 min 
while the rate of AE hits slowed down. This can be attributed to the self-desiccation or evaporation 
of the paste. Consequently, the cement particles at the surface are no longer covered by bleed water 
leading to water menisci between the solid particles [8]. A negative pressure in the capillary water 
occurs due to the curvature of the water surface applying a force on the solid particles, which results 
in contraction of the fresh cement paste [8]. The capillary pressure increase is connected to the 
continuing evaporation at the surface leading to a reduction in radii of the menisci [8].   
Simultaneously, the capillary pressure increase is accompanied by a comparable increase in 
pulse velocity and amplitude indicating the ongoing hydration process. After reaching the peak, the 
curve of capillary pressure drops rapidly to approximately 0 kPa and the AE hits exhibits a gradual 
and slight increase. After reaching a certain value of pressure, the main radii of the water menisci 
reaches a small value and is not able to link all the spaces between the particles [8]. In this period, 
there might be a risk of early age cracking. 
The capillary pressure of compacted samples have very similar trend and is in agreement with 
the results of the reference sample without compaction. However, a slight variation in capillary 
pressure is noticeable. From 80 min to 216 min the curve of compacted capillary pressure rises very 
slowly and steadily. From 217 min the capillary pressure ascends rapidly achieving a peak of -18 kPa 
at 339 min while AE hits accumulation declines. After that, the capillary pressure curve plummet 
dropping dramatically to nearly 0 kPa and the curve of AE hits rises with a low rate.    
 
 
  
Fig. 4 Capillary pressure and cumulative AE Hits 
 
The ultrasonic test allows information on the pulse velocity as well as on the amplitude 
indicating the hydration process of the cement paste. As the solid network of cement hydration 
products is being built, elastic wave propagation is facilitated and pulse velocity and wave amplitude 
are bound to increase. The experimental results show that there is a corresponding delay in pulse 
velocity increase of compacted specimens comparing to the control mixture without compaction. The 
hindered increase in pulse velocity of compacted specimens can thereby depend on the modified pore 
structure. This behavior was repeatable in a number of specimens and is under investigation. 
At approximately 200 min the increase of pulse velocity slows down, see Fig. 5 as well as the 
AE activities increase falls dramatically while the capillary pressure builds up with a rapid increase 
and the amplitude starts to go up sharply. These phenomena may be contributed to the activities by 
the transition from initial setting to the final setting as well as achieving the hardened state due to the 
cement hardening 
The pulse velocity of not compacted specimen started to increase sharply at 75 min while the 
compacted sample presented an increase after 180 min after casting, see Fig. 5. Afterward, the 
velocity further increases but with a decreasing rate and reaches a maximum of 3689 m/s for not 
compacted specimen and 4115 m/s for compacted specimen after 1446 min. This indicates a higher 
hardening process as well as strength development for the compacted sample. 
It is clear that the initial increase in pulse velocity coincides with an increase in wave 
amplitude. The amplitude of not compacted sample starts to grow noticeably at 138 min whereas the 
compacted sample starts to increase at 216 min after placing. This is related to the setting thereby a 
solid network of hydration products is formed. The impact of compaction on the amplitude is 
considerably leading to a delayed increase as well as a slightly higher value of amplitude. The 
specimen of not compacted sample reaches a maximum of 17 V after 273 min while the compacted 
specimen reaches the same amount after 303 min, see Fig. 6. At the same time, capillary pressure 
breaks through locally when the pores are no longer filled with water whereas the AE curves present 
a slight increase and the amplitude achieves a maximum value 
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Fig. 5 Pulse velocity versus time 
 
 
 
Fig. 6 Amplitude versus time 
 
Conclusion 
 
The purpose of this study is to investigate the effects of compaction of cementitious material 
on fresh concrete properties applying a combination of non-destructive testing techniques. This 
technique allows the propagation of the wave energy through the metallic mold to the AE sensors. In 
the first hours after placing, cement paste emits elastic waves and shows significant AE event. These 
AE events may be caused by segregation, formation and dissolution of hydrates, water, and bubble 
migration as well as by the plastic shrinkage. 
The experimental results showed that there was a corresponding increase in AE hits while 
specimens with compaction exhibited higher AE hits than the control mixture without compaction. 
The reason may be that the compaction process modifies the orientation of particles from each other 
and has an impact on the internal structure. The voids between the solid particles are filled by 
compaction. Consequently, the porosity of cement paste is reduced leading to a higher gain in 
strength. Capillary pressure develoment in fresh cement paste is also hindered by the compaction. 
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 Simultaneously, the experimental results of ultrasonic test exhibited a delayed increase in pulse 
velocity as well as in amplitude for compacted specimens comparing to the not compacted indicating 
the hardening process. The hindered increase in pulse velocity and amplitude of compacted specimens 
can thereby depend on the different pore structure, settlement as well as on the migration of the air 
bubbles to the surface. This study confirms the effect of compaction on fresh cementitious media 
applying non-destructive techniques in combination with capillary pressure measurement. The results 
of the preliminary test were encouraging. However, further study is needed to understand and quantify 
the different sources of AE the impact of the settlement on the internal structure as well as the early 
age hydration process. 
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